The implicit 
Introduction
The finite element method (FEM) [2] , [6] , [11] , finite volume method (FVM) [1] , [2] , and long element method (LEM) [7] , [8] , [9] , [10] have been used in physically based modeling including soft bodies tissue. To solve an equation, approximation of a continuous set of discrete points, usually a set of grid or mesh points, is used. The results of these methods are accuracy and realism to perform the soft body deformation. However, they are undesirable for real time applications because high computation is required. Thus, mass-spring models [3] , [4] , [5] , [12] are applied to our new approximated implicit integration to model our soft bodies with pressure force. Moreover, varieties of techniques for soft objects have been discussed in [15] , [16] , [17] , [18] .
To generate realistic soft bodies, there are several techniques involving differential equations to generate animation in physically based modeling. Numerical methods such as explicit, implicit, and trapezoid Euler methods are used to approximate and solve for the differential equations. Explicit methods are used in [12] to model soft bodies with pressure force. Explicit methods require time intervals should be small enough for information to not propagate across more than one element per time step. Thus, a small time interval is a requirement. The explicit methods are usually used for structural dynamic problems. However, they are not suitable for the problems that required stability and accuracy. These problems have been addressed in [14] , [19] . Even though implicit methods are more difficult to implement and require more computer storage, they address for problems associated with a much larger time interval. The implicit methods require high computation since they involve unknown values. Our proposed method is to solve structural dynamic problems by applying implicit method. The results show that our soft bodies with pressure force are successfully generated with the large constraints such as spring constants.
The paper will proceed as follows: first, an overview of the soft bodies with pressure force, second problem statements, next proposed method, then a set of the experiments with the algorithm and results, and finally conclusions and discussion of further work.
Soft bodies with pressure force
This section explains the modeling of softbody behavior with a pressure force. The model in this paper is based on the classic soft body method presented in [12] . Pressure force is represented as a vector. Matyka and Ollila [12] computed pressure force vector by applying pressure at particular point to the normal vector of that surface, since pressure force is always acting in a direction normal to the surface. The expression for pressure at a specific point is: nRT PV = where V is volume of the body, n is gas mol number, R is ideal gas constant, and T is a temperature. Then, the pressure can be generated by the temperature and volume of the soft-body as:
It is assumed that the temperature does not change while volume of a soft body changes.
Second law of motion
Sir Isaac Newton introduced the second law of motion which states that the time rate of change of body's momentum is equal to the vector sum of the external forces acting on it. The equation of motion can be expressed by first order differential equation as follows:
where v is the velocity of an object, F is the force that applies on the object. Both are continuous function of velocity and time. m is the mass of the object which is a constant. Initial value problem is the value of v at time h t n + , given the value of v at time n t . h is time step. By a basic theorem of calculus (2) 
This equation expresses that the velocity can be computed at time h t n + only if we know the force acting on the object between time n t and h t n + . The net force acting on the object express in a function of velocity, but velocity does not know over the interval of integration. Thus, the integral in (2) can't be exactly calculated. This requires computing approximation of the value of F across the interval of integration by using the explicit Euler method, or simple Euler's method. The value of F is evaluated by its value at the lower limit of integration.
Unlike explicit Euler method, the implicit Euler method computes the value of F at the upper limit of integration.
Problem statement
The mass-spring system used in soft bodies with pressure force is widely used in physically based modeling because it is simple to construct and generate the animation at rates that are not possible with continuum methods such as FDM or FEM. Due to the interaction between nodes, mass-spring systems are appropriate in parallel computation as well.
However there are some drawbacks in massspring systems [13] . Mass-spring is a discrete model that requires a significant approximation of the physics occurred in a continuous body. The connection between nodes is tuned through its spring constants. They are not easy to derive from measured material properties. Moreover, mass-spring systems may cause a problem related to stiffness. It occurs when spring constants are large. Stiffness in a system causes poor stability and requires the numerical integrator to take small time steps, even when the interesting modes of motion occur over much larger time intervals. This problem will be solved with our method in the following section.
Proposed method
Our proposed method is inspired from [14, 19] . They use approximation of internal forces at time t+h. approximated the unknown different velocity at time t+h , by the difference of velocity at time t. In [19] , Kang et al. claimed that the velocity change of each mass-point at the next step is not very different in magnitude with those at current step. Then the summation of approximated internal force is computed. However, in our proposed method the new approximation value is used for the internal forces at a considered node's neighbors. The derived method is described next.
In [19] , Kang et al. presented the implicit method equation that has been derived from [14] and been rewritten as: (5) where i is the considered node, j is its neighbor, 
Algorithm overview
The steps of simulation of soft bodies with pressure force and are summarized:
[1] Calculate the approximate value by number of neighbor multiplied by difference of velocity divided by force magnitude at time .t [2] Calculate gravity and spring force at time t. [3] Calculate pressure force acting on the face at time t.
[4] Accumulate gravity, spring force, and pressure force at time t. [5] Compute the difference of velocity at time t+h (eq. 8).
[ 2 and number of its neighbors. [5.5] Divide the result at step [5.3] by the result at step [5.4] . [6] Compute the velocity at time t+h by adding velocity at time t and the result at step [5] . [7] Compute the position at time t+h by adding position at time t and the result at step [6] . [8] Display and go back to step [1] .
The algorithm detail can be described base on general mass-spring system and soft bodies with pressure forces. Our solution is to use approximation of summation of internal forces. We estimate the summation of internal force at step 1 and then apply it in step 5. The general gravity and internal force from springs are calculated at step 2. Pressure force for our soft bodies is computed at step 3. Then, the internal forces are combined at step 4. We claim that at step 4: the system consumes enough energy; and velocity does not significantly differ at time t and at time t+h. Thus, internal force is distributed into the system. At step 5, the velocity at time t+h is computed. The result is passed into step 6 while the new position is calculated at step 7. Then, the scene is displayed and the system goes back to step 1.
Experiments
In the experiment, we use our approach described in previous section. It is capable of animating soft bodies with approximately up to 12K faces at 32 frames per second on Pentium4 3.2 GHz Laptop with Nvidia GeForce Go 6800 GPU. It is also implemented by Visual C++ with OpenGL. Fig. 1 is the comparison of the results between soft body with pressure force in [12] (a) and our implicit method (b). It shows that the simulations are slightly different. In figure 2 , the spring shear and tension constants of material is set to 500 and 500, respectively. Then, these spring constants are increasing to 1000. Soft body with pressure force in [12] (a) collapses and disappears while our method (b) still generates the soft body in the simulation scene. In figure 3 , we let our deformable object with pressure 1x10 6 N/m 2 bounced off the ground plane. [12] and b) our proposed method, when spring constant is 1000, spring damping constant is 2.0 and mass is 0.1 kg.
All simulations, spring damping constant is 2.0 and mass is 0.1 kg. In figure 3 , the simulation is generated by spring constant is 1000 and the pressure force is switched from 1x10 6 to 1x10 5 N/m 2 at frame 500. Figure 4 shows that our algorithm can simulate at least 10K faces of triangles, where the simulation is captured at frame 100, 200, and 300, respectively. The results show that our proposed method can generate realistic soft bodies with pressure force when the constrains such as spring constants are large. 
Complexity
Let N be number of vertices that connect to a vertex and M be number of vertices in a deformable object. Computation in [19] is N x M. Thus, the algorithm has a)
order of n 2 time complexity. Our proposed method uses only one approximated value of unknown variable. Our algorithm, thus, has order of n time complexity.
Conclusion and future works
We have introduced an efficient algorithm to simulate soft bodies with pressure force. The simulation with large constrains such as stiffness or time are not suitable to be applied by explicit Euler integration method. The implicit euler integration method, however, is more appropriate to be applied for stability in soft bodied with pressure force. At time t+h, the forces at a node's neighbors are required to compute the force at the node.
In realistic soft models, the implicit approach can be used to efficiently model the objects for large constraints such as stiffness or time. Since soft bodies with pressure forces are composed of mesh points connected by springs and applied with pressure forces, the behavior of soft bodies is simulated by system parameters such as spring constant, damping constant, and etc. The simulation of soft bodies with pressure force fails when the constraints are large. This paper proposed to solve this problem by using implicit integration method for soft bodies with particular force.
In our proposed method the new approximate value is used to calculate the force of its neighbors. This approximation will give our method more efficiency than the other methods that have been proposed. Our method can perfectly be implemented for real-time virtual reality environment. The results show that our method can realistically simulate the soft bodies when the large constraints are applied.
For future works the extended model can simulate and produce the applicability of soft tissue in medical problems or molecular dynamics. Moreover, fast collision detection algorithm can efficiently be included in the implementation. Set of better libraries and bench marks should be designed to compare different algorithms including different models and scenarios. 
